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Background and Purpose:  The direct attachment of external prostheses to the skeleton is a recent innovation 
with great promise. One significant problem experienced when this technique is applied to above-knee amputees 
is early loosening of the boney anchorage. The forces which are transmitted through this attachment have been 
estimated for level walking(1) but it has been conjectured that more severe and potentially damaging loading 
might occur during other daily activities. These forces are being measured directly using a 6-axis transducer 
located at the base of the prosthetic socket and coupled to the knee mechanism. Signals are telemetered so as to 
provide freedom of movement to subjects undertaking a set of activities simulating representative activities of 
daily living. 
Methods:  Signals from the six channels of the commercial force transducer (JR3 Inc) are sampled at 100 Hz and 
recorded on a remote PC using a telemodem link. Data are processed using a calibration matrix to eliminate 
cross-talk.The set of activities employed includes level walking in a straight line and around circular, ascending 
and descending stairs and an incline of 10 degrees. 
Results and Conclusion:  The data presented relate to one experienced amputee. Only the values of torque 
(moment about the long axis of the femoral components of the prosthesis) are presented as this is arguably the 
most critical component of force in 
respect of the current design of skeletal 
attachment device. All the activities 
depicted in Fig 1 produced 
substantially larger external moments 
during the first half of the stance 
(support) phase than were measured 
during level walking in a straight line. 
The highest moments were developed 
in the latter half of the stance phase but 
only during walking in a circle and 
descending an incline was the peak 
moment higher than during level 
straight line walking (the reference 
activity). The mean moment developed 
over the entire stance phase was higher 
during all activities than was measured 
during the reference activity. Similarly 
these moments contained higher 
frequency components than did the 
reference signal. Such data will be 
essential in re-evaluating the current 
prosthesis design. 
 
(1)  Gunterberg et Al. IXth World 
Congress of Ial Society of Prost & Orth, 137-139. 1998
 
Support phasis (%)
0 20 40 60 80 100
M
om
en
t L
on
g 
ax
is
 (N
.m
)
-8
-6
-4
-2
0
2
Walking (N=14)
Stair up (N=12) Stair down (N=12)
Slope up (N=6)Slope down (N=12)
Circle (N=5)
Internal
External
Fig 1. Axial moment acting on base of prosthetic socket for fine 
activities of daily life and straight level walking. The data are averaged 
over a number of gait cycle(steps). 
